Abstract The role of Ca in phasic and tonic contractions of high-Kinduced contractures of guinea-pig vas deferens was studied.It was shown that phasic contraction was initiated by a burst of action potentials,and tonic contraction by sustained depolarization.Phasic contraction seemed to be related to the rate and degree of depolarization, whereas tonic contraction seemed to be related only to the degree of depolarization. Tonic contraction was more sensitive to a reduction of extracellular Ca, though both types of contraction were abolished by Ca removal.The. tonic contraction observed with isotonic recording was more sensitive to extracellular Ca than that observed with isometric recording.Maximum contractions were achieved with lower Ca than that in isometric measurement.Verapamil blocked tonic contraction at a low concentration,and both contractions at a high concentration.Mn or La blocked the phasic and tonic contractions first.After prolonged exposure to either ion,however,tonic contraction could be induced.The results suggest that both phasic and tonic contractions were induced by Ca-influx through the cell membrane,and that tonic contraction was maintained by a constantly elevated intracellular Ca concentration which is the consequence of an altered equilibration of Ca influx and Ca extrusion through the cell membrane.
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The contractile responses of smooth muscles to a high concentration of potassium(high-K)have been shown to be composed of two or more components of contraction (URAKAWA and HOLLAND,1964; CHAPMAN and HOLMNN,1968; SUNANO and MIYAZAKI,1975; SWAMY et al.,1976) .Although the importance of Ca in high-K-induced contractures has been emphasized,there still remains the uncertainty of its role with respect to each component,various assumptions having been made (URAKAWA and HOLLAND,1964; IMAI and TAKEDA,1967; SUNANO and MIYAZAKI,1968 (KURIYAMA et al.,1976; JOHNISHI and SUNANO,1978; ROSENBERGER et al.,1979 Vertical bars represent the value of SE(n=6).
2) Relationship between high-K-induced contracture and elevating external K concentration Figure 2 shows the relationship between the height of phasic and tonic contractions of the contracture and K concentration which was elevated suddenly. When the concentration of K ion in the solution was lower than 20mM,obvious phasic and tonic contractions were not observable.The elevation of K concentration to 20 or 40mM resulted in the appearance of spontaneous contractions, and the basic tension increased slightly.The typical phasic contraction appeared at about 40mM-K,reached half-maximum height at 70mM-K,and attained its maximum at 139.7mM.Tonic contraction appeared at a K concentration lower than 20mM,reached half-maximum at 40mM and attained its maximum at 100mM.Thus,it was shown that a higher concentration of K ion was required to initiate phasic contraction than to initiate tonic contraction.
When the external K concentration was gradually increased to 139.7mM,no phasic contraction was observed even at a high concentration,while tonic contraction appeared and increased with the elevation of K concentration (Fig.3A , B)
In the experiment shown in Fig.4 ,the K concentration was first elevated to a certain level(first step)and then to 139.7mM(second step).When the K concentration of the first step was higher than 30mM,the phasic contraction observed at the second step decreased with the increase in K concentration of the first step; vis-a-vis with the decrease of the second step.Thus,no phasic contraction was observed at the second step when K concentration of the first step was increased to higher than about 100mM (Fig.4A) .The tonic component measured after the second step was not significantly affected and was almost the same as that 
4) Effect of verapamil on high-K-induced contracture
High-K-induced contracture was inhibited by verapamil (Fig.8) 
5)Effect of manganese and lanthanum ions
Manganese of 2mm was not sufficient to abolish high-K-induced contracture, although it reduced the height of phasic and tonic contractions (Fig.9) .In the presence of 4mm of Mn,the first application of high-K solution failed to initiate either phasic or tonic contractions.However,the second application of high-K solution caused gradual elevation of tension which corresponded to tonic contraction.Tonic contraction became larger with the number of repetitions.A small phasic contraction reappeared from the third application of high-K solution and increased in height with the number of repetitions,though it was still highly depressed and slowed (Fig.9c) . (WESTFALL et al.,1972; SUNANO and MIYAZAKI,1975; SUNANO et al.,1977) .It was also shown that these responses are due to the direct reaction of smooth muscle to high-K,though some other factors can influence the contracture slightly (SUNANO and SHIMODAN,1981) .
In the present study on electrical activities accompanying the mechanical events,it could be demonstrated that both rapid depolarization and the burst of spike potential contribute to the phasic contraction. JOHNISHI and SUNANO (1978) have reported that the degree of contribution of the rapid depolarization or of the burst of action potentials varied among some types of smooth muscle. In vas deferens,the burst of spike potential could be the major cause of phasic contraction,since i)the time-course of the burst is similar to that of phasic contraction,as observed in the A-C mode of recording,ii)it could be initiated under Vol.31,No.1,1981 moderate concentration of verapamil which inhibits the contraction due to rapid depolarization,leaving the contraction inhibited by action potential unaffected (JOHNISHI and SUNANO,1978) ,iii)it was abolished in the presence of Mn or La which blocks action potential,iv)the height of the twitch contraction or the phasic contraction evoked by the electrical stimulation was similar to that of high -Kinduced contracture and much higher than that of the tonic contraction (SUNANO et al.,1977) .
The size of the step of elevation of K concentration had an important role in the initiation of phasic contraction.In fact ,a negative dependence was observed between the K concentration of the solution applied prior to application of high -K solution and the height of the phasic contraction ,with no phasic contraction being observed when the preparations were preincubated in a solution of K concentration higher than 70mm-K.This may be due partly to inactivation in elevated K as reported by FRANKENHAEUSER and LANNERGREN(1967) .Depression of action potential in elevated K (HOLMAN ,1958; KURIYAMA and TOMITA,1965) can also be the cause of the depression of phasic contraction .It is,however,not possible to perform these experiments under a condition in which action potential is blocked,since the procedures or agents which block the action potential of smooth muscle also block Ca influx (SHIBATA ,1969; CASTEELS et al.,1972; MAYER et al.,1972; VAN BREEMEN et al.,1973) and depress high-K-induced contracture (IMAI and TAKEDA,1967; SUNANO and MIYAZAKI,1968; SWAMY et al.,1976; JOHNISHI and SUNANO,1978) .It is,however,more probable that the depression of phasic contraction could be caused by the decrease in the number and/or the height of the spike potentials observed as an integrated burst in the course of depolarization(HOLMAN,1958; KURIYAMA and TOMITA,1965) .
The phasic contraction of the high-K-induced contracture of guinea-pig vas deferens was abolished by the removal of Ca from the incubation medium or by treatment with verapamil,Mn,or La.These treatments cause an abolition of the action potential in smooth muscle,and these action potentials might induce the above-described phasic contraction.Therefore,it still cannot be concluded whether phasic contraction is initiated by influxed Ca or by released Ca from certain binding sites caused by action potential.In any case,however,it can be concluded that the first step in abolition of phasic contraction is the blokage of Ca influx,since it is known that the action potential of this muscle is brought about by the influx of Ca and this Ca can initiate contraction (GOODFORD,1967; SUNANO and MIYAZAKI,1968; LULLMANN and MOHNS,1969) .
Thus,it seems probable that phasic contraction was initiated by influxed Ca involved in the burst of spike potentials.This Ca,then,might be taken up by some intracellular binding sites or pumped out through the cell membrane by the Ca-activated transport mechanism,through which relaxation would be brought about (CASTEELS and VAN BREEMEN,1975; .
Although phasic contraction could also be initiated in a preparation which has been depolarized i.e.,no spike burst would be elicited (Fig.7) ,a similar explanation in the case of high-K-induced phasic contraction can be made.The addition of a very high concentration of Ca was required to initiate phasic contraction even though the final concentration was the same.In this case,the added Ca could enter the cell through the depolarized cell membrane abruptly and cause a contraction in a similar manner to the case of a burst of action potential and/or sudden depolarization of the membrane.The intracellular Ca concentration could be reduced by the mechanism which is activated by the increase in intracellular free Ca concentration as described above.Thus,phasic contraction could be formed.This assumption is supported by the result that,when Ca concentration was elevated gradually,it could not cause a tension development as high as that of phasic contraction even at very high concentrations as shown in the doseresponse relationship.The results also support the possibility that Ca which enters the cell through the plasma membrane abruptly could initiate phasic contraction,since Ca was added to the extracellular fluid of the Ca-depleted preparation. Tonic contraction was also sensitive to extracellular Ca and was abolished by the removal of Ca.It was depressed in the presence of verapamil,Mn or La;the agents which have been known to be blockers of Ca influx (SHIBATA,1969; MAYER et al.,1972; VAN BREEMEN et al.,1973) .The addition of Ca to a preparation which had been depolarized and in which Ca had been depleted,also initiated tonic contraction.These results strongly suggest that tonic contraction is initiated by influxed Ca from extracellular fluid.
Sustained depolarization causes a continuous increase in Ca influx (URAKAWA and HOLLAND,1964; MAYER et al.,1972; VAN BREEMEN et al.,1973; LAMMEL, 1977) and this Ca also stimulates Ca extrusion or uptake of Ca into certain intracellular binding sites( VAN BREEMEN et al.,1975; JANIS and DANIEL,1977) .Thus, intracellular Ca concentration would stay at a certain level due to the equilibrium of these two processes.This could be an explanation for the constant tension of the tonic contraction.
The difference in Ca sensitivity of tonic contraction measured isotonically and isometrically (Fig.6 )may be one of the explanations for the difference in the height of the tonic contraction observed in each measurement (SUNANO and SHIMODAN,1981) ;i.e.,higher tonic contraction related to higher sensitivity in isotonic recording,and lower tonic contraction related to lower sensitivity.
Gradual increase in tension was observed in the presence of Mn or La after Vol.31,No.1,1981 the second or the third application of high-K solution.The basic tension observed after washing with high-K solution also increased.The results may be explained by the leakage influx of Ca and the inhibition of the extrusion or its uptake by intracellular Ca accumulation sites ,1973 .It is,however,difficult to explain the sustained tension development in a Ca-free solution with this assumption.An alternative explanation for tension development in a Ca-free solution is a direct activation of the contraction of smooth muscle by these ions (SHIBATA,1969) .
It may be concluded that both phasic and tonic contraction are initiated by influxed Ca and that sustained tonic contraction is brought about by the equilibrated level of intracellular Ca which is maintained by constant influx and extrusion.The observation that Ca influx increases during both phasic and tonic contractions of intestinal smooth muscle (TRIGGLE and TRIGGLE,1976) 
